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(57) Abstract: A reinforced flexible pipeline (1), which has an inner liner (3) whose inner side engages an inner reinforcement layer 
(2) that may be formed by a so-called carcass, and on whose outer side at least a strength -imparting reinforcement layer (4, 5, 6, 7) is 
provided, has an additional barrier layer (9, 10, 1 1) which is arranged between the inner liner and the inner reinforcement layer. The 
additional barrier layer is thermally insulating and/or chemically protecting. The additional barrier layer may be formed as a tape 
(9) which is wound around the inner reinforcement layer, or may be composed of locking profiles (10, 11) which are wound around 
the flexible pipeline in a helix. The additional barrier layer (9, 10, 1 1) may be made completely or partly of a polymer which may be 
thermoplastic, or is cross-linked completely or partly. Hereby, the pipe may be protected against temperatures above e.g. 13°C and 
may also be protected against attacks from methanol that contains water. By constructing the additional barrier layer of profiles it is 
additionally ensured that it can transfer great compressive forces to the inner reinforcement layer, without any risk of the liner being 
caused to float since it is supported evenly by the additional barrier layer. 
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A REINFORCED FLEXIBLE PIPELINE HAVING A THERMAL BARRIER 

The invention relates to a reinforced flexible pipeline comprising an inner 
liner on whose inner side an inner reinforcement layer is provided, and on 
whose outer side at least a pressure and/or tension absorbing layer is pro- 
vided. 

Such types of pipes are used for the transport of recovered fluids between 
installations at an oil field, and for the transport of process liquids between 
an installation positioned at the surface of the sea and an installation posi- 
tioned below the surface of the sea. 

A common type of the above-mentioned pipes has a tight inner liner on 
whose inner side a reinforcement layer, frequently called a carcass, is ar- 
ranged, the purpose of which is to prevent the inner liner from collapsing 
because of external pressure impacts. 

Externally on the inner liner there is an outer reinforcement layer which may 
consist of various types of elements that can be locked to each other. 
The traditionally used form of locking elements for the inner pressure rein- 
forcement layer consists of folded metal strips which are wound in a helix. 
Precisely in this embodiment, the reinforcement frequently consists of a 
single metal strip which is folded so as to be secured to itself. 
In more recent inner reinforcement layers, these consist of wound profiles 
of e.g. X- or K-profiles which may be locked to each other by means of C- 
profiles. 

One or more load-carrying reinforcement layers are arranged externally oh 
the inner reinforcement layer and the inner liner. 

These load-carrying reinforcement layers are sometimes also referred to as 
pressure reinforcement layers, tension reinforcement layers or cross rein- 
forcement layers. 

These layers will be called "the outer reinforcement layer" below. 



WO 02/090818 



2 



PCT/DK02/00276 



A typical embodiment of the outer reinforcement layer is that it is composed 
of two layers arranged on top of each other, where the layer closest to the 
inner liner is of a nature such that it absorbs radial forces in the pipe (pres- 
sure reinforcement layer), while the overlying reinforcement layer primarily 
5 absorbs axial forces in the pipe (tension reinforcement layer). 

Finally, the outer reinforcement layer may have arranged externally thereon 
a tight jacket, which, however, is omitted in more recent structures, which 
therefore means that the outer reinforcement layer is freely exposed to the 
10 surroundings. 

In step with the wish for recovering oil at ever greater depths of water and 
the wish for being able to transport fluids at very high temperatures, ever 
greater requirements are made with respect to the properties of the rein- 
15 forced flexible pipes. 

The currently used pipes may be employed at very great depths of water, 
which has been feasible because all layers of the pipe structure have gone 
through a constant development both as regards constructive structure and 
20 selection of material. 

Even though these pipes are extremely resistant to mechanical impacts, 
there are limits as to how high a temperature the fluid to be transported in 
the pipe may have. This temperature, which may vary according to local 
25 conditions, may generally not be cooled below about 70 °C, since, other- 
wise, plugging may occur in the pipe because of formation of hydrate and 
condensation of paraffin. 

The maximum temperature which the commercially available flexible pipes 
30 can resist is about 130 °C, but pipes capable of resisting higher tempera- 
tures are desirable. 
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The reason is that the high temperature after the oil has been transported 
through the pipe, is useful in the further processing. 

Till now, it has been necessary to cool the oil before it is transported 
through the pipe to below about 130 °C, and then, after it has been trans- 
5 ported through the pipe, to re-heat it for the further processing and/or trans- 
port. 

It is evident that cooling and subsequent heating of the oil demand consid- 
erable resources and result in an unnecessary waste of energy. 

10 It is also a requirement in the dimensioning of pipes of the above-men- 
tioned type that they are resistant to chemical impacts, which is known e.g. 
in the transport of methanol that contains water. 

In such cases, a pipe capable of resisting high temperatures will not always 
be capable of also resisting chemical attacks from the fluid transported in 
15 the pipe. 

US Patent No. 4,673,002 describes a flexible pipe, primarily for the trans- 
port of hot combustion products, which is composed of four layers, of which 
one is a partly permeable insulating layer disposed between a tight layer 

20 and an inner material fibre layer, defining the flow path of this flexible pipe. 

The various layers of this flexible pipe according to the US patent are con- 
structed in accordance with quite different constructional principles. 
Thus, it does not involve a flexible pipe having a tension and/or pressure 
reinforcement or an inner reinforcement layer which the flexible pipe ac- 

25 cording to the present invention has. 

Accordingly, an object of the invention is to provide a pipe which is dimen- 
sioned to transport fluids in given temperature ranges, and which is simul- 
taneously capable of resisting chemical attacks from the fluid transported in 
30 the pipe. 
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The object of the invention is achieved in that a pipe of the type stated in 
the introductory portion of claim 1 is characterized in that an additional bar- 
rier layer is arranged between the inner barrier layer and the liner, and that 
the additional barrier layer is thermally insulating and/or chemically pro- 
tecting. 

Hereby, the pipe will be able to resist temperatures which are in a given 
temperature range, and will also be able to resist chemical impacts from the 
fluid transported in the pipe, it being possible for the additional barrier layer 
and the inner liner to be dimensioned to desired operational conditions. 

Expediently, as stated in claim 2, the additional barrier layer is formed as a 
tape wound around the inner reinforcement layer, which gives a solution 
advantageous in terms of production, since the tape may be wound during 
the manufacture of the inner reinforcement layer, and the process of the 
subsequent extrusion of the inner liner is easier to perform, since the extru- 
sion takes place on a smooth surface. 

If reinforcement of the pipe is additionally desired, it is an advantage if the 
additional reinforcement layer is composed of profiles, as stated in claim 3. 

Expedient embodiments of the profile composition are defined in claims 4 - 

8. 

When, as stated in claim 9, the additional barrier layer is made completely 
or partly of a polymer, it is possible to place the additional barrier layer 
close to the inner liner, thereby obviating the occurrence of unsupported 
parts of the inner liner, which might be able to float when subjected to pres- 
sure, with the consequent risk of the inner liner becoming leaky. 



In particular, as stated in claim 10, if the profiles are joined as a profile of a 
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polymer material which is locked with a profile of another material, such as 
steel, an advantage in terms of production is achieved, as it is possible to 
use profiles which are used in the construction of a pressure reinforcement 
of a pipe. 

5 

When, as stated in claim 11, the additional barrier layer can max. absorb 
50% drilling fluid, it is ensured that the additional barrier layer can absorb 
the very great compressive forces which are applied to the pipe inter alia 
during laying because of the use at great depths of water. 

10 

When, as stated in claim 13, the additional barrier layer does not have a 
great tightness toward the fluids of the surroundings, it is ensured that the 
pressure load caused by the fluid flowing in the pipe acts hydrostatically on 
the individual profiles, and therefore a destructive build-up of pressure be- 
15 tween the inner liner and the additional barrier layer is not possible. 

Expedient embodiments of the polymer are defined in claims 13-15. 

The invention will now be explained more fully with reference to the drawing 
20 in which 

fig. 1 is a partially sectional view of an ordinary structure of a flexible pipe 
for the transport of fluids, 

25 fig. 2 is a partially sectional view of a first embodiment of a pipe according 
to the invention with an additional barrier layer according to the invention, 
while 

fig. 3 is a partially sectional view of a second embodiment of a pipe ac- 
30 cording to the invention with an additional barrier layer according to the in- 
vention. 
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The flexible pipe, which is generally designated 1 in fig. 1, is composed of 
an inner reinforcement layer 2. 

This reinforcement layer may be composed of folded and wound steel 

strips, without being tight, however. 

Such a reinforcement layer is also called a carcass. 

The reinforcement layer 2 protects a tight inner liner 3 externally on said 
layer, so that the inner liner does not collapse e.g. because of great exter- 
nal hydrostatic pressures. This inner liner ensures that no fluids are trans- 
ported from the interior of the pipe toward the surroundings, or vice versa. 
The inner liner may e.g. be made of PVDF if it is to be capable of resisting 
high temperatures. 

However, it may also be made of the somewhat cheaper PA-1 1 if the re- 
quirements with respect to temperature conditions are not as strict. 

An outer reinforcement layer, shown here as being composed of a pressure 
reinforcement layer and a tension reinforcement layer, is wound externally 
on the inner liner. The pressure reinforcement layer is composed of C-pro- 
files 4, 5 in this example. Other profiles, such as Z-profiles or K- or X-pro- 
files locked by means of C-profiles, may be used as well. 
Externally on the reinforcement layer there is arranged a tension reinforce- 
ment layer which, as shown, consists of helically wound profiles 6, 7 which 
are at suitable angles. 

Finally, a tight jacket 8 is arranged externally on the outer reinforcement 
layer. 

It is noted that the flexible pipe according to fig. 1 shows an embodiment of 
a type that may occur in many variants. 

For example, the mentioned layers may have interposed between them 
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other layers which give the pipe a special functionality which is important to 
a given use. 

Optionally, the outer jacket may be omitted completely, thereby providing a 
flexible pipe which has the outer reinforcement layer exposed to the sur- 
5 roundings. 

Fig. 2 shows the pipe of fig. 1, but now additionally provided with an addi- 
tional barrier layer 9 according to the invention. 

This additional barrier layer may be wound as a tape around the inner re- 
10 inforcement layer 2 and may have dimensions which are e.g. 0.5 mm wide, 
and have a thickness which, depending on the thermal properties of the 
layer, may e.g. be up to between 5 and 10 mm, but also thinner. 

Fig. 3 shows a further variant of the pipe of fig. 1, but now provided with an 
15 additional barrier layer, designated 10, 11 in fig. 2, which is composed of 
profiles. As will be seen, the additional barrier layer is arranged between 
the inner reinforcement layer 2 and the liner 3 in this embodiment, too. 
The barrier layer is shown here as being composed of Z-shaped profiles 10, 
11. Other types of profiles, such as O, T-, K- or X-profiles or combinations 
20 of some of these may also be used, however. 

For both embodiments in fig. 2 and fig. 3, the additional barrier layer may 
e.g. be made of a material which ensures that the inner liner is not sub- 
jected to harmful high temperatures, e.g. above about 130 °C. 
25 This requirement with respect to the inner liner is desired, if the inner liner 
per se is made of a material, such as PA-11, which does not resist very 
high temperatures. 

The additional barrier layer may also be made of a material which resists 
30 aggressive fluids, such as methanol containing water. 
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Moreover, the additional barrier layer may be made of a material which 
gives it the property that the barrier layer can resist great compressive 
forces, which means that hydrostatic pressures on the inner liner 3 can be 
transferred to the inner reinforcement layer 2 without any risk of collapse of 
5 the inner liner. 

Expedient materials having desired thermal and mechanical properties may 
be formed completely or partly by a polymer, which may contain 50% by 
volume of a polyolefin, a polyketone, a halogen-substituted polyolefin, a 
0 polyphenylene compound or a mixture of these. These polymers or polymer 
mixtures may be non-cross-linked, completely or partly cross-linked, de- 
pending on the desired properties of the specific situation of use. 
Other materials, such as PEX, PVDF and polypropylene, may also be used. 
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PATENT CLAIMS 



1 . A reinforced flexible pipeline comprising an inner liner (3) on whose in- 
ner side an inner reinforcement layer (2) is provided, and on whose outer 

5 side at least a pressure and/or tension absorbing layer (4, 5, 6, 7) is pro- 
vided, characterized in that an additional barrier layer (9, 10, 11) is 
arranged between the inner reinforcement layer (2) and the liner (3), and 
that the additional barrier layer is thermally insulating and/or chemically 
protecting. 

10 

2. A reinforced flexible pipeline according to claim 1, characterized 
in that the additional barrier layer is formed as a tape (9) which is wound 
around the inner reinforcement layer. 

15 3. A reinforced flexible pipeline according to claims 1 — 2, character- 
ize d in that the additional reinforcement layer (10, 11) is composed of 
profiles. 

4. A reinforced flexible pipeline according to claims 1 -3, character — 
20 i z e d in that the additional barrier layer (10, 1 1) is formed by least a layer 

of geometrically locking profiles. 

5. A reinforced flexible pipeline according to claim 4, characterized 
in that the profiles (10, 11) of the additional barrier are locked mechanically 

25 to each other. 

6. A reinforced flexible pipeline according to claim 5, characterized 
in that the profiles (10, 11) of the additional barrier layer are locked geomet- 
rically to the inner reinforcement layer. 

30 

7. A reinforced flexible pipeline according to claim 1or3-6,charac - 
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t e r i z e d in that the profiles are wound around the pipeline in a helix. 

8. A reinforced flexible pipeline according to claim 1 or 3 - 6, charac- 
ter i z e d in that the profiles are C-, Z-, T-, K- or X-shaped. 

9. A reinforced flexible pipeline according to claims 1-8, character- 
ize d in that the additional barrier layer (9, 10, 11) is made completely or 
partly of a polymer. 

10. A reinforced flexible pipeline according to claim 1 or 3-9, charac- 
ter i z e d in that the profiles are joined as a profile of a polymer material 
which is locked with a profile of another material, such as steel. 

1 1 . A reinforced flexible pipeline according to claim 1or 3-9, charac- 
terize d in that the profiles contained in the additional barrier layer can 
max. absorb 50% drilling fluid. 

12. A reinforced flexible pipeline according to claims 1-11, charac- 
ter i z e d in that the additional barrier layer does not have a high tight- 
ness toward the fluids of the surroundings. 

13. A reinforced flexible pipeline according to claims 9-13, charac- 
ter i z e d in that the polymer contains at least 50% by volume of a poly- 
olefin, a polyketone, a halogen-substituted polyolefin, a polyphenylene 
compound or a mixture of these. 

14. A reinforced flexible pipeline according to claims 9-13, charac- 
ter i z e d in that the polymer is cross-linked completely or partly. 

15. A reinforce flexible pipeline according to claims 1-14, charac- 
ter i z e d in that the additional barrier layer is made of PEX, PVDF or of 
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polypropylene. 
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Fig. 2 
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